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From human health point of view many deleterious and financially 
demanding effects are associated with bacterial colonization [1–6]. Furthermore, 
the pressure of bacterial resistance is increasing, which makes the need for new 
alternatives to combat bacterial adhesion and biofilm formation necessary. For 
dental clinicians, caries is a common disease related to biofilm formation and its 
prevention or treatment remains a challenge. Biofilm formation surrounding 
cemented orthodontic devices is a highly prevalent clinical situation. The difficulty 
in cleaning the complex structure of orthodontic devices associated with the lack of 
compliance to the brushing routine can promptly lead to biofilm formation 
hindering treatment prognosis and depleting patient’s oral health. Therefore, the 
development of antimicrobial materials to address these complications is 
necessary. 
Quaternary ammonium compounds (QAC) are a class of antimicrobials 
claimed to be effective against Streptococcus mutans, a cariogenic species. QAC can 
be included in dental materials either to modify a surface, making it contact-killing 
or to be leached out and being active in the environment [7–9]. The review on QAC 
for biomedical applications (chapter 2) evidences that QAC antimicrobial activity 
can be influenced by the presence and length of alkyl chains attached to the 
molecule. Additionally, the polymeric backbone and the method used for grafting 
QAC to materials can play an important role on the antimicrobial mechanism of 
action (leaching or contact-killing) and durability of the antimicrobial feature. 
Chapter 2 enlightens the choice of QAC as an antimicrobial compound for the 
studies in chapters 3 and 4 in view of the antimicrobial action against a broad 
spectrum of microorganisms. A QAC molecule with an alkyl chain of 12 carbons 
and methacrylate groups was designed aiming for better interactions with 
methacrylate based dental composite. 
In chapter 3, iodide quaternary ammonium methacryloxy silicate (IQAMS) 
molecule was synthesized containing QAC moieties and one methacrylate group. 
Although IQAMS was uniformly dispersed in the composite and the degree of 
conversion of the composite was not impaired, some of the bulk properties of the 
Transbond XT were affected. The cohesive and adhesive strength decreased and 
IQAMS incorporated in the Transbond XT was not capable of exerting 
antimicrobial activity against S. mutans probably because it was entrapped inside 
the polymerized matrix and not available on the composite surface. Only when 
116 
 
IQAMS was applied as a coating and exposed on the surface of the composite the 
biofilm formation decreased significantly. Thus, it was stated that IQAMS should 
be applied only after  polymerization and also reapplication was suggested. 
Cytotoxicity was not investigated in this study which is of extreme importance 
when new materials are developed for the clinic and needs to be done before 
clinical test can be performed. Based on the above findings a different approach 
was adopted to continue the studies on QAC compounds. To ensure the 
antimicrobial activity exerted by QAC on the surface without altering material 
bulk properties, QAC was used as a coating. Also the substrate chosen to be coated 
was stainless steel considering that metallic orthodontic brackets, wires and bands 
would represent bigger surface area than cementation line in a clinical setting. 
Therefore, in chapter 4, two polyhydroxyurethanes - PHU and PHU* - 
containing QAC were developed to coat stainless steel surfaces. PHU or PHU* 
were coupled to QAC with silanes resulting in coatings with different properties. 
For all coatings we observed an antimicrobial activity and a cytotoxic response on 
fibroblasts due to leaching of QAC. Washing the PHU-QAC coating in 
demineralized water led to decreased cytotoxicity, which did not impair the 
antimicrobial potential of the coating against S. mutans. Ion exchange did show an 
effect on the chemical and nanostructure scale but was not able to decrease the 
cytotoxicity. Increasing the time or concentration of the ion exchange process could 
improve PO43- diffusion. Ensuring more covalent bonds between QAC and 
PHU/PHU* under humidity free conditions (e.g. synthesis inside a glove-box) or 
coupling QAC by means of urethane bonds (more stable than siloxane bonds) 
could diminish leaching and also help amending cytotoxicity problems. In 
addition, the cytotoxicity observed in vitro was related to the area/media volume 
ratio. In vivo, in the oral cavity for instance, there will be a continuous flow of 
saliva which will constantly dilute the leachate and therewith decreasing the 
cytotoxicity problem. Investigating the amount of released QAC by mass 
spectrometry and a whole range of concentrations on cytotoxicity is an important 
addition which needs to be done in future research. Assessment of antimicrobial 
activity against different microorganisms is necessary to broaden the potential 
applications in clinical settings. 
Surface sealants are coatings applied over composite resin restorations to 
occlude micropores and smoothen the surface. These surface sealants will lead to 
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and thus prolonging life-time for the composite resin restoration [12]. In chapter 5 
we combined the antimicrobial properties of QAC with a commercial dental 
surface sealant, Biscover (Bisco). Even after light curing the methacrylate based 
material, QAC exhibited antimicrobial properties by diminishing S. mutans biofilm 
formation, differing from the findings on chapter 3, where the IQAMS compound 
was inserted in the composite resin for brackets cementation which did not exert 
antimicrobial properties in any concentration tested. Abrasion resistance against 
tooth brushing is also a requirement when it comes to coatings for dental 
application. In order to evaluate a protective effect of the sealant with and without 
the QAC, surfaces were submitted to a mechanical brushing cycling equivalent to 
2.5 months of patients’ brushing routine [10,11,13–15]. The protective effect of the 
surface sealant was enhanced when QAC was added. Roughness measurements by 
means of atomic force microscopy or profilometer need to be done to obtain more 
quantitative parameters instead of only the visual observation with SEM. From 
SEM is looks like the surface is kept smooth which will probably decrease bacterial 
adhesion. 
In the oral environment, surfaces are embedded in saliva which is a fluid 
heterogeneously composed by proteins, enzymes, immunoglobulins, mucins and 
electrolytes [16]. The saliva will promptly interact with all materials that are 
inserted in the oral cavity and therefore it is of great importance to use salivary 
coatings on newly developed biomaterials [17,18]. Previous investigations with 
antimicrobial QAC have shown though that the salivary pellicle do not impede 
QAC of killing bacteria [19–22]. The studies presented in this thesis were 
conducted without a salivary conditioning film, since new materials were being 
developed. To assess antimicrobial properties it is easier to study it without a 
protein film, but it would be appropriate to investigate the antimicrobial 
performance of the developed materials in the presence of a saliva pellicle. Also all 
materials developed still need some optimization such as adequate and more 
controllable drying time for coatings, leaching levels adjustment and then in situ or 
in vivo models of testing. Overall, addition of QAC in dental materials is feasible 
and brings beneficial effects for oral health maintenance. Many of the dentistry 
areas could profit from antimicrobial properties of QAC. Still final application 
required features should be thought through for new material development. 
Aspects such as cytotoxicity, weakening of the bulk material and bacterial 
resistance to QAC still need thorough investigations giving room to future 
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